Designing for and through movement is becoming increasingly important in human computer interaction, and it is widely accepted that the designers should develop their bodily skills and learn how to use the movement as design material. Yet, the reports on the education space around embodied interaction are scarce. We present an approach for teaching and designing embodied interaction in collaboration with contemporary dance choreographers. We describe a workshop, where after movement sessions, simple projects were implemented by the participants. The evaluation of projects and student feedback indicate that the four learning objectives, namely: 1) movement as a design material, 2) bodily skills needed for technological implementation, 3) movement qualities, and 4) practical projects, were attained for most of the participants. For some participants, however, the movement qualities were hard concepts to grasp and utilize in design, and this difficulty had an impact on all the other learning objectives. Further experiments with new tools, techniques, contexts, and guidelines are therefore required to highlight the importance of movement qualities in design.
INTRODUCTION
A key to explore, innovate, and inspire in human-computer interaction (HCI) can be the appreciation and development of bodily movement skills and practices [17] . But articulating these skills and practices are hard. This may explain the disappointment following the initial excitement in several fields, including entertainment and games utilizing the Microsoft Kinect [16] and other motion-based sensors [35] , augmented [4] and virtual reality [15] .
Gillies and Kleinsmith attribute the disappointments to the representational methods of interaction design [13] . According to them, designers have to explicitly represent their movements in numerical terms, e.g., data, program code or other formal tools, but they do not have access to their own complex sensorimotor skills. Therefore, they fall back on representing simple features of the movement (responding to position or velocity) or on traditional user interface (UI) metaphors (buttons in 3D space). Neither of these approaches are designed to make effective use of sensorimotor skills, rather they are driven by what can easily be represented in code [13] .
In this paper, we present an approach to educate interaction designers in using movement as design material and obtain firstperson experiences of felt qualities of movement. By `qualities', we refer to the sensation of how (e.g. lightly, smooth, jerky) an action is performed, rather than the action itself (e.g. reaching, grasping) [11] . Specifically, we are interested on the qualities that make an action e.g., skilful, harmonious, but not so much on the emotion or behaviour it invokes. In short, we define movement qualities as what is between physical adjectives and emotional expressions (sad, aggressive, calm, etc.) [13, 33] . We briefly explain and reflect on the activities and discuss when and why students do, or do not, appear to acquire the skills intended. The skills that we see as useful for designing for embodied interaction include: 1) to understand and describe movement as a design material, 2) develop the bodily skills needed for technological development, 3) understand what movement qualities are and how they can be extracted from movement tracking data, and 4) apply these methods and techniques to real world scenarios (e.g., games, robots, installations).
Between 2013 and 2015, a group of master's students at Aalborg University Copenhagen have designed and evaluated a series of interactive artefacts, where movement had a significant role in interaction, meaning making, and experience. Their first design considered the instrumental value of movements only: they have perceived the body as an instrument of control [8] . The hands of their users, in their view, were transmitting this control to "tangible interfaces". They made use of simple features of movement and the traditional UI metaphors. Through iterations, they have learned how to consider human movement in the physical and social "life-world". Their design and evaluation space has expanded; this progression has been reported previously in [8] .
In Spring 2016, a new group of students enrolled in the elective course "Embodied Interaction". Course participants were specializing in interaction design, game design, computer graphics. and sonic interaction design. In this paper, we reflect Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from Permissions@acm.org. MOCO '17, June 28-30, 2017 upon our experiences on the course and project outcomes, together with their success and failures. Our first contribution is to the movement-based interaction education; we want to assess whether or not the students acquired the skills we identified as useful. Our second contribution is to the field of programming education, where there is too much emphasis on metacognitive skills and problem solving [25] , and too little on movement and related skills [39] . The combination of these contributions, we believe, will address the gap Gillies identifies in [13] , and will foster innovative designs envisioned in [17] .
BACKGROUND
Examples of incorporating bodily knowledge into the design exploration are being increasingly reported, and the notions of body, embodiment, agency, objects, and materiality are frequently used [17] . To our knowledge, Kjölberg is one of the first educators to incorporate dance, improvisation, and choreography into the curriculum of interaction design [21] . Her outcomes are disseminated in her PhD thesis (under her new last name) [29] . Hummels and her colleagues presented several student projects, summarizing the lessons learned into design principles. Since then, there has been numerous reports on combining movement, interaction design, and education, some of which have been outlined in [8] and [17] . Most educators chose the workshop format, which is a widely accepted way of generating and validating design knowledge, in short and focused epochs [37] . An excellent description of such design education workshops is provided in [23] .
More recently, Marquez Segura has outlined her experiences in movement-based play [28] , emphasizing embodied core mechanics as a frame, and embodied sketches as a set of design principles. We have reported on our own experience of sharing this knowledge with students in [9, 10] . All these accounts indicate the need to assess the impact of a long-term practice or to develop a pedagogical program beyond the ideation level. Based on these accounts, we now describe our activities.
EMBODIED INTERACTION COURSE 2016
In an elective course, students learn the theory of embodied interaction together with basic computer vision, creative coding, embodied agents, multi-agent systems, and AI engines. We strive to combine movement-based research, design, and computational thinking simultaneously. This effort, in our opinion, is wellaligned with emerging approaches [36] and practices (e.g., http://choreographiccoding.org), which propose a shift from the knowledge of motion to the knowledge in motion.
The course kicked-off on February 2016, and in preparation for the first lecture students watched a video prepared by the Universidad de Zaragoza (The embodied mind at https://vimeo.com/107691238), and read our previous reflections on an earlier course [8] . The first meeting consisted of an introduction in the form of a mini-version of the course, guiding the students through first person movement experiences, programming, and humanities research.
The students selected their background research literature from the proceedings of the ACM Movement and Computing (MOCO) Workshop (http://moco.ircam.fr). The main reason for this assignment is that there is no single course book that covers all the topics/skills we are interested in developing. Besides the planned inspiration, master-level students are capable of investigating the state of the art from the main conference in the field. An ideation session followed the introduction, where participants generated concepts to form their mini-projects.
We also organized a two-day workshop with two contemporary dance choreographers, where fifteen students participated. Based on our input, the choreographers planned and led a set of exercises to develop skills in observing and performing movement (own and others) and describe movement qualitatively. The choreographers were not specifically educated in interaction design, however were participating in a project to combine movement and design skills 1 . They actively carried out all the instruction and facilitation during the workshop; one of the authors (Dahl) has participated in the workshop, whereas the second (Erkut) has documented it.
We have started with the theory and practical exercises from our previous collaboration [8] , which were adopted from Loke's movement exercises in [24] : 1) Generating movement from imagery, 2) Playing with everyday movements: act of walking, and 3) The body in space: focus.
Both ideation and the workshop process were explained in detail in [8] ; in the following we focus directly on the 2016 exercises. The opening exercises on breath, walking and touch focusses on the ability to observe one's own movement from within, to develop self-awareness, and to extend these towards observing others. They were the elaboration and update of the exercises first carried out in 2014 [8] . The last two exercises, namely "Objects" and "Choreographing a Fight Scene" were introduced in 2016, as part of a joint project which provided a better understanding of what movement skills the students wish to develop in their education: most games contained one or more fight scenes. Part of these descriptions were provided as a handout to the participants.
Breathing
The aim of this exercise was to bring awareness to the body, tune in and arrive, notice the details of one's posture and what is the experience in that very moment. The exercises included -mapping the body 2 , tuning in, arriving -awareness is in the breathing, rhythm of breath -extending the breath, attention to the pauses -arms moving up & down, knees bending in sync with breath -playing with opening and closing the eyes
Walking
The aim of this exercise was observing and experiencing the principles of locomotion while walking. The exercise included moving the mass of body on the space, and playing with spatial design; directions, tempo and interaction.
-weight shifting and falling to walk -body mapping as walking -walking; directions (front, backwards, sideways), stop, speed -playing with the elements of walking in the groups, other's observing
Qualities
The aim was to distinguish body parts for specific articulation and to explore movement qualities. Exercises included to perform and analyse the movement qualities, having non-verbal dialogue applying to movement skills and shifting between movement qualities, and to embody and sense the movement of others.
• Isolation of the body parts • Qualities; imagining and performing moving as being, made of, or in oil, sticks, bee, smoke, and mud (and observe how they change the movement qualities of self or others).
• Pair work; mover -observer; focus on tempo, tension and sensation of weight • Mirroring the other
Touch
The aim was to study subtle movement intention, weight shift, direction and locomotion in conjunction to another body. The exercises included: getting sense of movement articulation and direction, rhythm and intensity in body parts, and to focus on movement direction and initiating movement from different body parts. In pairs, the students performed walking with the hands on the other participant's shoulder. The participant in the front hastened eyes and led the other to different directions and levels, giving movement impulses by touching. The recipient moved according to intensity and given direction. The exercise was tried with open and closed eyes.
• Sensing and responding to the movement and energy impact of another -hands touching
Objects
The aim of this practice was to embody the quality of an object and develop movement skills (qualities, levels, direction and rhythm).
• Having different objects and passing the object between two people. Adding levels, directions and the rhythm (slow, fast, smooth, staccato). • Trying to move with an object not using the hands. Adding levels, direction, travel and rhythm. Doing in pairs; the observer notes the associations and images which might arise. • Moving with the object by using the hands or other body parts. Considering e.g., the balance, freeze, tangle, stuck, fold, hang, tie, draw out and spread. How can you play with the object?
Choreographing a fight scene
At the end of day two students were given a more applied exercise: to create and practice a fight choreography that might appear in computer games. The aim of this practice was to develop movement skills, apply and analyse movement qualities and dynamics in a dramatic situation. The pair work instructions were: 1] Choose movements to attack and defence. 2] Consider levels, direction and rhythm. 3] Share your choreography. This section may be extended by an imaginary environment (water, mud, air, snow storm, etc.) and how movement qualities change in these environments, but they were not exercised during our workshop because of time constraints. The choreographies were recorded with a depth camera (Kinect). Fig.  1 illustrates an instance from the rehearsals; the skeletons were extracted from the recordings in post-processing. The final phase of the workshop was dedicated to test the mini-project prototypes. However, only one prototype was ready at hand during the workshop: a participant (P13) has made a fluid simulation library sensitive to the movement qualities by code. The participating choreographers and other students tested and informally evaluated the prototype. An instance of this activity is depicted in Fig. 2 . 
OUTCOMES
The mini-projects submitted by students as part of their examination are outlined on Table 1 , with their themes, domains, platforms and libraries used, and inspiration paper selected. These projects were conceived during the course work, reflected upon at two check-points by guided class discussion, completed within month after the workshop, typically in group rooms where students help each other openly, and required at least 60 hours of work. The course organizers have guided the students mostly remotely by means of emails, forum posts, code repository comments and push requests, and with occasional meetings.
Most of the projects successfully utilize a combination of technologies and programming platforms, together with several concepts of embodiment. In addition, project reports contain references to Laban effort [26] as well as other theoretical foundations of embodied interaction. These were covered in the theoretical part of the course, not in the workshop.
The projects were assessed by the two authors and an external expert in terms of alignment with the desired skills, namely: 1) to understand and describe movement as a design material, 2) develop the bodily skills needed for technological implementation, 3) understand what movement qualities are and how they can be extracted from movement tracking data, and 4) apply these methods and techniques to real world scenarios (e.g., games, robots, AI, and installations). In the following, we analyze the projects based on these skills. The assessment criteria have emerged from the need of providing useful feedback to the participants, as well as fair grading.
Movement as a design material
We have relied on two papers to derive this evaluation criterion: 1) Loke & Robertson [24] , who state that, as any other design material, movement requires physical exploration and can generate unexpected responses and insights, and 2) Tomico & Wilde [38] , who provide many examples, such as melding performing arts and interaction design techniques, using mindfulness and somaesthetics, physical thinking and using body as an instrument of cognition, etc. Nine projects out of fifteen, specifically 1,2, 4, 5, 7, 10, 12, 13, and 14, were evaluated as successful under this criterion.
Bodily Skills for Implementation
Both Loke & Robertson [24] and Tomico & Wilde [38] primarily refer to Hummels and colleagues' Design Movement [18] for the need "the designer as movement expert", and enlist a myriad of methods to facilitate bodily skill development. We have rather asked about the first-person experiences from the workshop, if the project presentations did not explicitly relate to them. We have traced the connection easily in ten projects, and evaluated them as successful.
Movement qualities
Here we have looked if the qualitative movement characteristics (e.g., Laban Movement Analysis) emerge in the title, presentation, report, and in the code. Specifically, we have favoured the applications that make use of continuous mapping between the detected movements and audio/visual output, that avoid discrete categorizations and if-then conditional statements, and that use higher-level state variables than physical displacement, velocity, and acceleration [22] . Only three projects were found fully successful under this criterion (12) (13) (14) , but we have made a compromise and evaluated the description of qualities either in the presentation and report, or in the code. 
P#

Case study: P13
As a case study and an illustrative example, we outline the characteristics of the most successful project, which was the continuation of the workshop work by P13. It has focused on how an interactive fluid simulation can be used as part of movement-based performance. It maps continuously the camera contours to the high-level parameters of the fluid simulation, such as density, vorticity, and buoyance. The student gained new insights through observation in what movements the system afforded and what role it plays in a performance (Movement as a design material). These affordances were successfully combined with own bodily skills in iterative implementation. Further tests were done after the workshop with non-professional performers on a simpler setup. The fundamental difference the participant observed was hat the professional performers have approached to the work with full-body for movement explorations, whereas the non-professionals started with isolated gestures, such as shaking their hands. P13 describes the interactive application with the following Laban dimensions and movement qualities:
• Flow: Free Flow: Outpouring, letting the inside out and the outside in, uncontrollable, can't be stopped, open hearted, fluid, etc.
• Weight: Light (Active Weight): Delicate, fragile, overcoming one's weight, buoyant, lifted up, etc.
• Time: Sustained: Lingering, drawing out the moment, luxuriate, languidly, adagio, prolonging, leisurely,
-not yet, not now, etc.
• Space: changing between both Indirect and Direct, depending on intention.
Participant P13 also notes that "other forms of moving were used, like flick and dab, however these occurred mostly in the beginning of the tests, when people were still trying out the interaction. These kinds of movements became rare after a short while of interacting with the system and the aforementioned (sustained) movements became predominant".
DISCUSSION
The course activities briefly outlined above, namely movement exercises, theoretical research material, and practical coding constitute our approach to make students well equipped for good designers of movement based interactions. We will here reflect on to what extent the included movement exercises had the desired effect.
Most mini-projects submitted by the students demonstrate acquired knowledge on human-centered embodied interaction. However, in terms of the actual implementations used, only three participants have designed with specific movement qualities in mind. Students were able to discuss perspectives of movement [20] and quality in terms of Laban Effort [26] , but -with a couple of exceptions -their designs quite often based the interaction on simple movement features such as amount of pixel change/velocity, or positions in space, similar to what Gillies notes [14] .
Time available for implementation could be one reason that students "fall back on representing simple features of movement" [14] . Some students have spent considerable amount of time to make the peripherals and sensors (e.g., Kinect or Leap Motion) to work on creative coding environments, and this might have a negative impact on the quality of the outcomes. Most of these devices are surely not sufficient in capturing the desired movement qualities, and therefore need significant computational (post-)processing. For example, Kinect data can require a lot of smoothing that could remove some aspects from human motion. What has been lost in this processing can be regained sometimes in the later stages of computation [11] , but the main point is that all these require time for experimentation. As noted, P13 was the only student having a ready sketch at the time of the workshop.
Clearly, the students taking the course had different movement backgrounds and it is difficult to assess what direct influence from participation in the practical movement exercises during the workshop that translated to projects. For instance, two students already had developed movement skills based on earlier experiences with dance or Alexander technique. However, although the implementations submitted by these students clearly put corporal expression in a central position, they were still based on positions in space that triggered events or manipulated sound related to amount of movement rather than overall movement qualities.
Another interesting case is a comparison between participants 11 and 12. Both participants have background in training (P11 in mixed martial arts and P12 in Tai Chi) and they have both started with the reference [22] , which provides formulas for calculation of the expressive descriptors of human motion. However, only P12's design uses movement qualities explicitly in computation, report, and presentation (see Appendix). This comparison may support the claim that somaesthetic appreciation may be better fostered by slow, contemplative movement [17] .
Judging from the outcomes in students' mini-projects, it seems that individual differences in movement skill as well as technical know-how are factors of importance. For instance, P8 started with the same MOCO reference [20] as P13, which focuses on continuous mapping of human motion to physical parameters of the fluid simulation. They have both fully and enthusiastically participated in the workshop, but the qualities of their mini-projects differ significantly. At this stage we cannot be sure of why and how P13 cultivated somaesthetic appreciation, certain aesthetics or kinesthetic empathy [32] , whereas P8 had difficulties.
Note that none of the projects we have evaluated as very successful originates from the domain of games, despite the fact that six of the fifteen participants specialize on games in their education. This is a big surprise, since there are well-established guidelines for movement-based games [19] , and the concept of embodied sketches [27] originates from this domain. We attribute this to the genre and coding style preferences of our game developer participants, who have experience in coding and scripting on Unity3D. In the next epoch of the course, we need to 6 take this into account. It is worth mentioning that most of the students coded in openFrameworks and Processing for the first time in their education. It might be argued that Processing is not suitable for the heavy-duty movement work, but we have favored project completion and delivery over efficiency.
The pedagogical objective of assigning each student a recent movement-based reference was the separation of the implementation technique and the creative project theme. As advocated in [7] , this objective is achieved in fine arts education when the students visit an art museum to sketch classical paintings or sculptures. For the same approach to work with movement, however, we need a bigger corpus of documented work in embodied interaction design.
CONCLUSION
We have presented an approach for teaching and designing embodied interaction in collaboration with contemporary dance choreographers. The activities are conducted to guide the participants towards the felt qualities of movement. We have outlined a workshop, and reflected upon the activities and outcomes. Final implementations and reports indicate that most of the students capture the essence of the workshop, but also that for some participants, the movement qualities are hard concepts for grasp and utilize in interaction design.
We will further experiment with new tools, techniques, and guidelines to design for and through movement qualities. These will strengthen our contribution to the interaction design and programming education. Our future courses in Embodied Interaction will include a substantial experiential component. The participants will evaluate their designs in terms of: 1) an account of the intellectual, emotional, and physical characteristics felt by themselves in the making of the application, and 2) an account of the felt experiences of those who tried their applications.
The first-person perspective could cover all aspects of movement and computing, acknowledging the realities and idiosyncrasies of development process as it evolves. Unlike the movement interfaces, games, virtual and augmented reality applications of today, data and program code could be moulded into our design as personal design material, to be felt and subjectively experienced. This would avoid purely data-driven approaches and prevent falling back on representing the primitive, easily computable features of the movement, such the physical position or velocity, as Gillies and Kleinsmith identified in [14] , and will foster innovative designs envisioned in [17] .
